Information on the clinicopathologic characteristics of invasive carcinomas arising from mucinous cystic neoplasms (MCNs) is limited, because in many early studies they were lumped and analyzed together with noninvasive MCNs. Even more importantly, many of the largest prior studies did not require ovarian-type stroma (OTS) for diagnosis. We analyzed 178 MCNs, all strictly defined by the presence of OTS, 98% of which occurred in perimenopausal women (mean age, 47 y) and arose in the distal pancreas. Twenty-nine (16%) patients had associated invasive carcinoma, and all were female with a mean age of 53. Invasion was far more common in tumors with grossly visible intracystic papillary nodule formation Z1.0 cm (79.3% vs. 8.7%, P = 0.000) as well as in larger tumors (mean cyst size: 9.4 vs. 5.4 cm, P = 0.006); only 4/29 (14%) invasive carcinomas occurred in tumors that were <5 cm; however, none were <3 cm. Increased serum CA19-9 level (> 37 U/L) was also more common in the invasive tumors (64% vs. 23%, P = 0.011). Most invasive carcinomas (79%) were of tubular type, and the remainder (5 cases) were mostly undifferentiated carcinoma (2, with osteoclast-like giant cells), except for 1 with papillary features. Interestingly, there were no colloid carcinomas; 2 patients had nodal metastasis at the time of diagnosis, and both died of disease at 10 and 35 months, respectively. While noninvasive MCNs had an excellent prognosis (100% at 5 y), tumors with invasion often had an aggressive clinical course with 3-and 5-year survival rates of 44% and 26%, respectively (P = 0.000). The pT2 (> 2 cm) invasive tumors had a worse prognosis than pT1 (r2 cm) tumors (P = 0.000), albeit 3 patients with T1a (< 0.5 cm) disease also died of disease. In conclusion, invasive carcinomas are seen in 16% of MCNs and are mostly of tubular (pancreatobiliary) type; colloid carcinoma is not seen in MCNs. Serum CA19-9 is often higher in invasive carcinomas, and invasion is typically seen in OTS-depleted areas with lower progesterone receptor expression. Invasion is not seen in small tumors (< 3 cm) and those lacking intracystic papillary (mural) nodules of Z1 cm, thus making the current branch-duct intraductal papillary mucinous neoplasm management protocols also applicable to MCNs. FIGURE 2. A, OTS was commonly found in the subepithelial regions of MCNs with LGD (hematoxylin and eosin). B, The volume of OTS was decreased or lost around areas of HGD and invasive carcinoma (hematoxylin and eosin).
F or many years the clinicopathologic characteristics and biological behavior of pancreatic mucinous cystic neoplasms (MCN) with carcinomatous transformation have been a highly controversial area of pancreatic pathology. In 1979, Compagno and Oertel 1 of the Armed Forces Institute of Pathology first described MCNs with "overt and latent malignancy" and concluded that latent tumors (cystadenomas) could behave in a malignant manner, whereas overtly malignant tumors (cystadenocarcinomas) frequently demonstrated indolent behavior. In 1999, a larger series from the same institution confirmed similar findings. 2 However, these conclusions were challenged by subsequent studies, which found that if an invasive carcinoma was excluded by extensive sampling, noninvasive MCNs behaved in a uniformly benign manner. [3] [4] [5] [6] [7] [8] Meanwhile, the nature and behavior of MCNs with associated invasive carcinoma has remained largely elusive. This is due in part to the wide variety of terms used to describe these tumors (mucinous cystadenoma, mucinous cystadenocarcinoma, and MCN). Until recently, most major studies did not mandate ovarian-type stroma (OTS) for diagnosis, 1, 3, [9] [10] [11] [12] [13] [14] [15] [16] hence some of these studies were likely "corrupted" by intraductal papillary mucinous neoplasms (IPMNs), thus prohibiting the proper characterization of MCNs and, more importantly, the invasive carcinomas that arise from them. 17 Another factor that has contributed greatly to the conflicting reports in the literature is the fact that many previous studies lumped MCN-related invasive carcinoma and noninvasive MCNs with high-grade dysplasia (HGD) into a single "malignant MCN" group. [9] [10] [11] [12] [13] [14] [15] [16] [18] [19] [20] [21] [22] Thus, the incidence, histology, extent, and biological behavior of the invasive carcinomas arising in MCNs, relative to ordinary pancreatic ductal adenocarcinoma, had remained a controversial enigma. Meta-analysis of the literature has shown markedly disparate rates of prevalence of MCN-related invasive carcinoma with some as low as 2.9% and others as high as 33%. 23 Whereas some studies have claimed that these tumors behave in a predominantly indolent manner, 24 others (Crippa et al 6 and Yamao et al 7 ) suggest otherwise, with 5-year survival rates for MCN-related invasive carcinoma of 57% and 63%, respectively. A recent analysis of 16 "minimally invasive" MCN-associated carcinomas reported benign behavior in all but 1 case, 24 a finding that gives the impression that these tumors behave in a relatively "benign" or indolent manner.
The objective therefore of this study is to present one of the largest clinicopathologic studies of invasive carcinoma (29 cases) arising from a well-characterized cohort of 178 MCNs, all defined by the current diagnostic criteria of OTS. This analysis serves to update the current literature on this rare and poorly understood entity.
MATERIALS AND METHODS
Appropriate institutional approvals were obtained for this study.
Case Selection
The surgical pathology databases of Samsung Medical Center (Seoul, Korea), Emory University Hospital (Atlanta, GA), Wayne State University Detroit Medical Center (Detroit, MI), and University of Virginia Hospital (Charlottesville, VA) as well as the consultation files of the authors' were searched for pancreatic cystic tumors with a diagnosis of mucinous cystadenoma, mucinous cystadenocarcinoma, and MCN. Separately, 1380 consecutive primary invasive pancreatic carcinomas identified in the files of Wayne State University and Emory University were evaluated by 1 of the authors (V.A.) for the presence of an MCN component.
For each identified case, information regarding overall cyst (tumor) size and total number of submitted blocks was obtained from the surgical pathology reports, and cases in which <1 block/cm of cyst (tumor) was submitted for evaluation were excluded from the study. All slides of the remaining cases were reassessed histologically. Only cases with definite evidence of OTS-defined as densely packed spindle-shaped cells with sparse cytoplasm and round or elongated nuclei, undermining the epithelium 17 -were included. If OTS was focal or ill-defined, progesterone receptor (PR) immunohistochemical staining was performed to confirm its existence.
Classification and Clinicopathologic Parameters Investigated
Medical records were reviewed to obtain clinical and demographic data, including age, sex, preoperative serum CEA and CA19-9 levels, tumor recurrence, and follow-up period. Survival data were also obtained from medical records or from the United States Social Security Death Index.
Size of the entire cyst (tumor) was extracted from the pathology reports. The presence of intracystic papillary excrescences was determined on the basis of the correlation of gross and microscopic findings, and those that formed nodules Z1 cm were classified as intracystic papillary nodules ( Fig. 1) .
Epithelial dysplasia was graded on the basis of the most severe focus identified, using the grading criteria put forth in the current (2010) World Health Organization (WHO) classification of MCNs, as low-grade (LGD), intermediate-grade (IGD), and HGD/carcinoma in situ (HGD/CIS).
In MCNs with invasive carcinoma, the histologic type of the invasive component was also determined according to WHO guidelines, on the basis of the predominant histologic tumor type in the invasive component. Depth of invasion was microscopically measured from the base of the cyst wall to the leading edge of the invasive component. The overall size of invasive carcinoma was also recorded. On the basis of this measurement, the invasive carcinomas were categorized as early (r2 cm, pT1) and advanced (> 2 cm, pT2 and beyond). pT1 tumors were further subcategorized into pT1a (< 0.5 cm), pT1b (0.5 to 1 cm), and pT1c (> 1 cm) as per the recently proposed scheme, 25 which is more objective than the "minimally invasive" terminology.
Statistical Analysis
Statistical analysis was performed using SPSS statistical software package (SPSS, Chicago, IL). Results were analyzed using the Student t test. Cumulative survival rates were calculated using the Kaplan-Meier method and then compared using the log-rank test. A P value of <0.05 was considered statistically significant.
RESULTS

General Characteristics
We identified a total of 178 MCNs with OTS meeting the inclusion criteria outlined above.
The mean age of patients was 48 ± 13 (range, 23 to 81 y). There were only 2 tumors in male patients, both of which also had characteristic zones of OTS. In addition, both male MCNs showed only LGD. Most MCNs (168/ 171, 98.2%) were located in the distal body/tail except for 3 MCNs (1.8%) located in the head of pancreas (2 with LGD and 1 with HGD/CIS).
Twenty-nine (16.3%) MCNs had an associated invasive carcinoma ( [13/149] , P = 0.000), and the nodules were larger in the invasive MCNs (2.3 vs. 1.6 cm, P = 0.05).
The mean number of submitted blocks per case was 19 (range, 6 to 65). The mean number of blocks submitted per centimeter of cyst (tumor) size was 3.6 (1 to 13) for MCNs with LGD, 3.8 (1.8 to 10) for MCNs with IGD, 4.5 (1.5 to 11.3) for MCNs with HGD/CIS, and 3.4 (1.0 to 13.7) for MCNs with invasive carcinoma ( Table 1) . All slides were then reevaluated microscopically.
All demographic data are summarized in Table 1 .
Comparative Analysis of MCNs With and Without Invasion
MCNs with invasive carcinoma were more common in older female individuals (mean age 53 vs. 46 y, P = 0.214). Although this was not statistically significant, it showed a trend toward progressively increasing risk for carcinoma with age. Sex ratio and cyst location were similar (predominantly female patients and involvement of the distal body/tail) in MCNs both with and without invasive carcinoma.
Preoperative serum CA19-9 level information was available in 54 cases. Elevated CA19-9 level (> 37 U/L) was significantly more common in MCNs with invasive carcinoma (63.6% vs. 23.3%, P = 0.011). Preoperative serum CEA level information was also available in 39 MCNs; however, the elevated serum CEA (> 7 ng/mL) level was only detected in 4 MCNs, all with LGD ( Table 2) .
The mean cyst size was significantly larger for MCNs with invasive carcinoma (9.4 vs. 5.4 cm, P = 0.006) than those without ( Table 2 ). Only 4 invasive carcinomas arose from cysts <5 cm, and these ranged in size from 3.5 to 4.8 cm, but none were <3 cm. Intracystic nodules/papillae (Z1 cm) were also more common in MCNs with invasive carcinoma (79.3% vs. 8.7%, P = 0.000), and only 6 MCN-associated invasive carcinomas did not contain intracystic papillary nodules. Although occasional smaller nodules/papillary excrescences (< 1 cm) were present in MCNs with LGD and IGD, most of these were not true epithelial papillae but instead corresponded to thickened septae of small cysts or nodular growth of stromal tissue.
On microscopic examination, within these intracystic papillae, there was frequently an inflammatory infiltrate (composed mainly of neutrophils), akin to the "cryptitis" seen in inflammatory bowel disease. In some tumors the epithelial cells within these areas showed variable degrees of reactive atypia that could potentially lead to overestimation of (grade of) dysplasia. In addition, in cases with marked inflammation, especially those associated with denudation, the detached epithelial strips formed papillae that mimicked the microscopic appearance of invasive micropapillary carcinoma; these detached papillae were not considered invasive carcinoma in our cohort.
Characteristics of Invasive Carcinoma
In 23 (79.3%) MCNs with invasive carcinoma, the invasive component was of tubular (ductal)-type adenocarcinoma and was morphologically indistinguishable from conventional pancreatic ductal (pancreatobiliarytype) adenocarcinoma. Of the remaining 6 cases, 1 was an adenocarcinoma with prominent papillary growth, and 5 were undifferentiated carcinomas, 2 with osteoclast-like giant cells (Table 3 ). All 5 undifferentiated carcinomas occurred in MCNs with papillary nodules and had variable amounts of a conventional ductal adenocarcinoma component, supportive of their epithelial/ductal nature. The adenocarcinoma with prominent in situ-like papillary growth was associated with metastatic deposits (to the ovaries and colon) that were identical to the papillary nodules in the primary MCN. This case did not have a conventional (tubular-type) invasive adenocarcinoma despite sampling in 68 blocks. Interestingly, none of the invasive carcinomas were of colloid (mucinous) type.
The invasive component was r2 cm (early invasion) in 17 cases (all pT1) and >2 cm in 12 (4 pT2 and 8 pT3) ( Table 3 ). When MCNs with early invasion were subcategorized according to the proposed scheme, 25 which we also advocate, 13 cases fell into pT1a, 3 into pT1b, and 1 into pT1c category. Three patients with pT1a invasion had multiple invasive foci, and all died of disease at 13, 29, and 64 months (mean: 35.3 mo). This raises the question of whether these tumors were understaged due to undersampling, as none of the 3 was submitted entirely for microscopic evaluation. However, these tumors were 7.0, 6.5, and 15 cm in diameter, and the total number of submitted blocks per case was 16, 18, and 50, respectively. Thus, the mean number of submitted blocks per centimeter tumor size was 2.3, 2.8, and 3.3, respectively. More importantly, all intracystic papillae and adjacent cyst walls were entirely submitted for microscopic evaluation. Therefore, the possibility of undersampling seems unlikely in these 3 cases.
Lymph node metastasis was identified at the time of diagnosis in 2 MCNs with invasive carcinoma, and both patients died of disease at 10 and 35 months, respectively. During the follow-up period, 3 cases had local recurrence (with peritoneal spread in 2 and direct invasion of colon and duodenum in 1), and 4 cases developed liver metastasis (1 synchronous and 3 metachronous).
Comparative analysis of MCNs with, and without, invasive carcinoma is summarized in Table 2 . Comparative analysis of MCN with early and advanced invasive carcinoma is summarized in Table 3 .
Distribution and PR Expression in OTS
Although OTS was typically present in the subepithelial regions of MCNs, there was marked variation in its distribution and visibility. In some areas, the OTS was either atrophic or invisible on cursory examination, especially in large cystic tumors with thin-walled cystic areas, but it was commonly present and more prominent in septa. Interestingly the MCNs with LGD and IGD revealed relatively well-preserved typical OTS; however, the amount of OTS was sometimes decreased around areas of HGD/CIS and/or invasive carcinoma component (Fig. 2) . PR immunohistochemical staining was performed in 109 MCNs (68 with LGD, 17 with IGD, 9 with HGD/CIS, and 15 with invasive carcinoma) and confirmed this observation. PR immunoreactivity was diffuse/strong in OTS around LGD and IGD ( Fig. 3) but was weak in the OTS around areas of HGD/CIS. PR expression was frequently lost in areas with true invasion even when the OTS surrounding the LGD component of the same case exhibited relatively preserved PR expression. In fact, in 8 MCNs (3 with HGD/CIS and 5 with invasive carcinoma), the presence of OTS could only be confirmed after PR staining.
Survival and Prognosis
Follow-up information was available in 162 (91%) patients. Of the remaining 16 patients, 7 had LGD, 3 had IGD, 2 had HGD/CIS, and 4 had invasive carcinoma. The follow-up period ranged from 1 to 167 months (median: 18 mo). At last follow-up, 11 patients were dead. Ten of them had invasive carcinoma and died of their disease; 1 had HGD/CIS and died of other causes at age 63, 118 months after surgery. Of note, her tumor measured 3.5 cm in greatest dimension, and the total number of blocks submitted was 18 (5.1 blocks/cm tumor size). Of the 5 patients with undifferentiated carcinoma component, 3 died of disease at 2, 15, and 16 months. No followup information was available for the remaining 2 patients. None of the patients whose MCNs showed LGD or IGD died of disease, but 3 patients with LGD died of other conditions. The 3-, 5-, and 10-year survival rates of all MCNs were 88%, 84%, and 84%, respectively. However, the survival rates of those with invasive carcinoma were significantly lower than that of tumors without invasion. The 3-and 5-year survival rates of MCN with and without invasive carcinoma were 44% and 26% versus 100% and 100%, respectively (P = 0.000) (Fig. 4A ). MCNs with early (r2 cm, pT1) invasion had better prognosis than MCNs with advanced (> 2 cm, pT2 and beyond) invasion (P = 0.000) ( Fig. 4B ; Table 3 ). The number of the cases in the pT1 substaging categories was too small to determine their prognostic correlation.
DISCUSSION
This study constitutes one of the largest series of histologically confirmed MCN-associated invasive carcinomas, defined by the refined WHO-2010 diagnostic criteria of OTS. 17 Our findings confirm that MCNs occur almost exclusively in perimenopausal women (mean age, 47 y and are >98% female) and are located in the pancreatic tail in >98% of cases. This is similar to the findings in more recent studies that also utilized the OTS criteria for diagnosis of MCN 5-7,24,26-28 ; however, our results differ somewhat from those of some earlier studies that did not mandate OTS criteria, had a larger number of male patients, and occurred more frequently in the pancreatic head. 3, 11, 16, 20 The frequency of invasive carcinoma in our MCN cohort (16.3%) is similar to 2 other recent studies that reported frequencies of 12% (Crippa et al, 6 Italian and American cohort) and 13% (Baker et al, 8 Italian, American, and German cohort), respectively. Of note, Baker's cohort included the 19 MCN-associated invasive cancers that were previously reported by Crippa et al 6 in 2008, thus making Baker's prevalence figures somewhat skewed. However, a multi-institutional Japanese study reported a much lower incidence of 3.9%. 7 It is unclear whether this reflects populational differences or the exclusion of smaller invasive carcinomas and (more importantly) undifferentiated carcinomas. In our study, 21% of the cases from the United States had invasion, whereas only 11% of the cases from Korea had invasive carcinoma. The higher incidence in the US cohort could be partly attributable to the fact that they were identified through systematic analysis of invasive carcinomas in the cohort, which was not the case in the Korean group. This may have skewed the frequency results somewhat. Invasive carcinoma (16.3%) was also twice as frequent as HGD/CIS (7.3%) in our American cohort, which is somewhat similar to other major studies (Table 4 ). 2, [4] [5] [6] 27 This suggests that carcinomatous transformation in MCNs rapidly progresses to invasion.
Several key pathologic factors were noted in association with invasion. One of these was mean cyst size, which was significantly larger in MCNs with invasive carcinoma (mean 9.4 cm) versus those without invasion (mean 5.4 cm) (P = 0.006), and all but 4 invasive carcinomas occurred in MCNs >5 cm. None of the invasive carcinomas occurred in MCNs that were <3 cm, but 4 occurred in cases between 3 and 5 cm. This concurs with other recent studies that also used the OTS diagnostic criterion and reported that tumor size ranged from 5.5 to 10.5 cm. [5] [6] [7] 26, 27 Although others have stated that invasive carcinoma is not seen in MCNs <5 cm, our study showed that it can be seen in tumors <5 cm (albeit rarely). Therefore, the (branch-duct) IPMNrelated criterion of watchful waiting based on small cyst size is potentially applicable to MCNs as the 2 appear to behave in a similar manner.
In addition, the presence of intracystic papillary nodules had a significant association with invasive carcinoma, a finding also noted by others. 2, 4, 6, 7 When we used the cutoff size of 1 cm, intracystic papillary nodules that were Z1 cm were strongly associated with invasive carcinoma. In fact, 23 of the 29 invasive cases had nodules Z1 cm. These findings further suggest that MCNs <3 cm and lacking mural nodules are less likely to harbor invasive carcinoma. Accordingly, the protocols used for branch-duct IPMNs may also be applicable to MCN, 25 and depending on a patient's surgical fitness, watchful waiting may be a valid consideration in smaller tumors.
The fact that serum CA19-9 was significantly higher in the invasive tumors versus the noninvasive ones was not surprising. Elevated CA19-9 has a known association with pancreatic ductal adenocarcinoma. 29 This marker could potentially also be used to monitor patients with established MCNs, with elevation indicating a need for resection. Serum CEA had no specific association with invasion.
Another noteworthy finding in our cohort is that the vast majority of MCN-associated invasive carcinomas are tubular (ductal)-type adenocarcinomas, with a much smaller subset (B20%) of undifferentiated/sarcomatoid carcinoma with and without osteoclast-like giant cells. Intriguingly, one seemingly noninvasive MCN (which was sampled in 68 blocks) had metastatic deposits in the ovary and gastrointestinal tract that on resection showed a welldifferentiated "in situ-like" "papillary adenocarcinoma" pattern that was indistinguishable from the papillary nodules in the pancreatic MCN. Of note, this pancreatic MCN had purulent inflammation and had ruptured at the time of presentation. Therefore this patient's so-called intra-abdominal tumor deposits could conceivably represent "implants" rather than true metastasis. Alternatively, some of the papillary nodules seen in the primary pancreatic tumor may in fact represent an unconventional, pushing border-type invasion that was not easily recognizable as invasion by current criteria. This patient died of disease 1.5 years after diagnosis. Other than this peculiar case, all invasive carcinomas were either ordinary ductal adenocarcinomas by morphology or high-grade undifferentiated/sarcomatoid cancers.
Interestingly, there were no cases of colloid carcinoma in the invasive carcinomas examined. Colloid (mucinous) carcinoma occurs in a significant subset of IPMNs (a kindred of MCNs) and has a more protracted clinical course than ordinary tubular-type pancreatic ductal adenocarcinoma. 30 Although there are some reports of colloid carcinoma arising in MCNs, 2, 30, 31 on the basis of current diagnostic criteria most of those cases would now be classified as IPMN-associated, including a case previously published by the current authors before the OTS criteria was established. 30, 32 The current study shows that MCNs strictly defined by OTS are not associated with colloid-type invasive carcinoma, a finding that was also noted in another recent study. 8 Our findings also confirm that the intestinal pathway of carcinogenesis characteristic of a subset of IPMNs 33 is not valid for MCNs, which may have management implications for the future treatment of these tumors as more specific targeted therapies are developed. This is the largest study of MCN-associated invasive carcinomas showing that these tumors have a significantly worse prognosis than previously reported in the literature. The 5-year survival of noninvasive cases was 100%, in accordance with the recent major studies using OTS diagnostic criteria 4, 5, 26, 28 (and extensive tumor sampling); and there were no disease-related deaths in our noninvasive MCNs, which confirms that noninvasive tumors are cured by complete removal. However, for invasive cases, the 5-year survival rate was a mere 26%. This is significantly lower than that reported by Crippa et al 6 in their analysis of 19 invasive carcinomas (which showed 57% 5-y survival), 6 and Yamao et al 7 (who reported a 63% 5-y survival rate). The difference in their and our results is partly attributable to the fact that we had several cases with larger invasive carcinomas. In fact, 12 cases of invasion were >2 cm.
The size (stage) of invasive carcinoma was an important prognostic parameter in MCNs in our study, with pT1 (< 2 cm) cases having a better prognosis than pT2 (> 2 cm) tumors. Two of our cases also had lymph node metastasis in the resection specimen, an occurrence that was not recorded in other major studies. Considering that these invasive carcinomas are of tubular (pancreatobiliary) type, with all the morphologic features of ordinary ductal adenocarcinomas, it is not surprising that the prognosis is so dismal in this group, especially in those with a larger invasive component. What is surprising perhaps are the 3 T1a carcinomas (< 0.5 cm invasion) that were also associated with demise of the patients, a finding similar to the unusual clinical course (of liver metastasis) of minimally invasive carcinoma of MCN reported by Yamao et al. 7 The aggressive clinical behavior seen in these 3 pT1 tumors is also comparable to a recent study by Lewis et al 24 who noted that only 1/16 "minimally invasive" MCNs had tumor recurrence and death (at 42 mo) after surgery. 24 Although our 3 cases were examined in 16, 18, and 50 block sections, respectively, none of them were entirely submitted for evaluation, and it is therefore possible that their invasive component may have been undersampled and thus understaged. Another explanation for this discrepancy may be that, when we reviewed the 3 pT1a MCNs with local recurrence or metastasis, all 3 proved to have multifocal invasive carcinoma. In Lewis et al's 24 study, the recurrent, minimally invasive MCN also had multifocal invasion. Although supported by only 3 cases, we believe that multifocal invasive carcinoma may be a sign of more aggressive behavior in these small invasive carcinomas, and such cases may have to be staged differently and reported as such in pathology reports, to ensure that patients receive the appropriate (closer) follow-up after resection. This study documents the clinical behavior of a spectrum of MCN-associated invasive carcinomas including undifferentiated and larger examples. On the one hand, the prognosis of MCN-associated invasive carcinomas appears to be fairly aggressive but conversely, they are comparatively better than ordinary ductal adenocarcinomas arising from pancreatic intraepithelial neoplasia, which show only 10% to 15% 5-year survival. This parallels the observations of other tumoral intraepithelial neoplasmassociated invasive carcinomas of the pancreatobiliary tract such as IPMN-associated, 34, 35 intraductal tubulopapillary neoplasm-associated, 36 intraductal papillary neoplasm of the bile duct-associated, 37, 38 intra-ampullary papillary tubular neoplasm-associated, 39 and intracholecystic papillary tubular neoplasm-associated 40 invasive carcinomas. All of these invasive carcinomas have uniformly aggressive but, nonetheless, better outcome than the ordinary invasive carcinomas of their respective organs, even when they are stage-matched, indicating that tumoral intraepithelial neoplasm-associated invasive carcinomas may have distinctive biological properties. It is possible that the invasive tubular-type carcinomas arising in MCNs have different characteristics than ordinary ductal adenocarcinomas arising from pancreatic intraepithelial neoplasia, although they are morphologically indistinguishable.
We also observed a decrease in OTS volume in MCNs with HGD/CIS and/or invasive carcinoma. Zamboni et al 4 and Lam et al 41 also noted that OTS was sometimes lost after malignant transformation of MCN. Although this may be an age-related phenomenon, it is also possible that it may be a surrogate factor of carcinogenesis (progression from LGD to HGD/CIS) by as yet unknown mechanisms, as suggested by Shimizu et al. 28 In our study, although some minimally invasive carcinomas were confined to the OTS, most others were surrounded by desmoplastic stroma or proliferating fibroblasts and not by typical OTS (Fig. 5A ). In addition, we observed that even PR immunoreactivity was weak in the OTS surrounding HGD/CIS areas and was often lost in areas with true invasion. Interestingly, as far back as 15 years ago Thompson et al 2 speculated that the loss of PR expression might be associated with worse prognosis. Regardless of the mechanism, this may be important both diagnostically and for cancer researchers to investigate the potential role and mechanism of OTS in MCN carcinogenesis.
In conclusion, invasive carcinoma should be considered in MCNs with large cyst size and intracystic nodule/papillae (Z1 cm). Watchful waiting may be a viable consideration for these tumors. Invasive carcinomas arising from MCNs can be fairly aggressive even when they are small. Thus, if minimal or focal invasion is noted in an MCN, thorough histopathologic examination is warranted so as to accurately document the extent of tumor, depth of invasion, and presence of multifocality in the pathology report. A, An invasive carcinoma component of MCN surrounded by proliferating fibroblasts, and not by OTS, is depicted here. B, Some MCNs revealed regional overgrowth of OTS with entrapped atrophic glands that were lined by epithelium that was not overtly mucinous (hematoxylin and eosin stain).
